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3 INTEGRAL Science Data Centre, Chemin d’Écogia 16, 1290 Versoix, Switzerland
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Abstract. GRB 030320 is the 5th gamma-ray burst (GRB) detected by INTEGRAL in the field of view (FoV). It is so far
the GRB with the largest off-axis angle with respect to the INTEGRAL pointing direction, near to the edge of the FoV of both
main instruments, IBIS and SPI. Nevertheless, it was possible to determine its position and to extract spectra and fluxes. The
GRB nature of the event was confirmed by an IPN triangulation. It is a∼60 s long GRB with two prominent peaks separated
by ∼35 s. The spectral shape of the GRB is best represented by a single power law with a photon indexΓ ' 1.7. The peak flux
in the 20–200 keV band is determined to∼5.7 photons cm−2 s−1 and the GRB fluence to 1.1 × 10−5 erg cm−2. Analysing the
spectral evolution of the GRB, a “hard-to-soft” behaviour emerges. A search for an optical counterpart has been carried out, but
none was found.
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1. Introduction

Since their discovery more than thirty years ago (Klebesadel
1973) GRBs had evaded an understanding of their nature for
about 20 years. This changed dramatically with the identifica-
tion of the first GRB X-ray afterglow with a BeppoSAX obser-
vation (Costa et al. 1997). Since then it has been shown that at
least the sources of long GRBs (lasting longer than 2 s) are lo-
cated at cosmological distances. The observed fluxes revealed
the enormous energy release of these events (van Paradijs et al.
2000) which is thought to be produced in asymmetric collapse
of massive stars (Woosley 1993).
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Here we report the detection of such an event by the
two main instruments of INTEGRAL (Winkler et al. 2003)
which have complementary performance characteristics. The
imager IBIS (Ubertini et al. 2003) has an excellent angu-
lar resolution, whereas the spectrometer SPI (Vedrenne et al.
2003) is assigned to high-resolution spectroscopy, but has only
modest imaging capabilities. The burst-detection capabilities
of the INTEGRAL mission are achieved by the INTEGRAL
burst alert system (IBAS: Mereghetti et al. 2003a; IBAS
for SPI/ACS: von Kienlin et al. 2001), which scans the satel-
lite telemetry in near-real time for GRBs at the INTEGRAL
Science Data Centre (ISDC; Courvoisier et al. 2003).

2. Detection and localisation

On March 20, 2003 at 10:11:40 UTC, during the Galactic
Centre Deep Exposure, a long GRB (∼60 s) was detected at
a large off-axis angle of 15.5◦. This is near to one corner of the
squared shaped IBIS FoV: 29◦ ×29◦ full width (SPI-FoV:∼35◦
full width).
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Fig. 1. Localisations of GRB 030320 showing the IBIS/ISGRI posi-
tion (central cross) and error circle (solid line) of Mereghetti et al.
(2003b). The IPN error box of Hurley et al. (2003b) and the derived
SPI position with its 1◦ error circle (dashed line) are superimposed.

The GRB was detected by IBAS in near-real time in the
data of ISGRI (Lebrun et al. 2001), the low-energy detector
of IBIS. As the trigger had a low significance due to the po-
sition of the source on the edge of the FoV (only 3.7% of the
detector was illuminated by the GRB) no prompt alert was dis-
tributed. An offline interactive analysis of the data confirmed
that the trigger was due to an astrophysical source and allowed
to determine and distribute a preliminary position 6.25 hours
after the event (IBAS Alert 343; Mereghetti et al. 2003b).
The preliminary derived position wasαJ2000 = 17h51m43s,
δJ2000 = −25◦18′34′′ with an uncertainty of 5′. In a further
analysis of the entire GRB (UTC 10:11:36–10:12:40) in the
15–100 keV energy band the GRB was detected with a signal-
to-noise ratio ofS/N ∼ 15. The derived error box had nearly
the same centreαJ2000= 17h51m42s, δJ2000= −25◦18′44′′ but a
smaller radius of 3′.

The GRB nature of the event was confirmed about
one hour later by Konus, Mars Odyssey (HEND), and
INTEGRAL/SPI-ACS via an IPN-annulus (Hurley et al.
2003a). By adding the information from Ulysses, Mars
Odyssey (GRS), Konus-Wind and RHESSI to the above men-
tioned data, a small IPN error box was derived one day later
(Hurley et al. 2003b).

SPI was only able to determine a rough position for the
GRB in the energy interval between 100 keV and 1 MeV. At
lower energies it was not possible to derive a position. One
should notice that only 3 out of the 19 detectors of SPI’s cam-
era showed a substantial increase of the count rate, caused
by the illumination of the GRB. By selecting two time in-
tervals around the prominent peaks of emission (see below)
from UTC 10:11:55 to 10:12:05 and 10:12:30 to 10:12:36
(in total 16 s), the derived SPI position isαJ2000 = 17h53.4m,
δJ2000 = −26◦2.8′ with an uncertainty of 1◦ (S/N 7.2).
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Fig. 2.ESO/NTT+SOFI image corresponding to the centre of the IBIS
error circle derived here. The field is 5.5× 5.5 arcmin wide. The 5σ
limiting magnitude isKs= 20.7.

This agrees within the error with the positions found by
IBIS/ISGRI and IPN. Figure 1 shows a superposition of the
IPN error box and the SPI- and IBIS/ISGRI-error circles.

The two monitoring instruments of INTEGRAL, the X-ray
monitor JEM-X (Lund et al. 2003) and the optical camera OMC
(Mas-Hesse et al. 2003), did not observe the event as it was
outside their FoVs.

A search for an optical afterglow in the IBIS error cir-
cle was performed using the Wise-Observatory 1 m telescope
16.9 hours after the onset of the burst (Gal-Yam & Ofek 2003).
This follow-up observation did not reveal any optical counter-
part.R-band imaging under poor conditions did not show any
new source down to a limiting magnitude ofR= 17.5 mag.

We also performed two follow-up observations at ESO New
Technology Telescope (NTT) using the SOFI camera. The first
was made at 9.497 UT on the 21st of March (∼23.3 hours af-
ter the GRB) with aKs filter and had exposure of 30 min (see
Fig. 2). The second was taken at 4.608 UT (∼69.8days after
the GRB) on the 29th of May with the same filter and an expo-
sure of 10 min. The difference image, although showing several
variable sources, did not reveal a strong afterglow candidate.

The afterglow search was complicated by the burst loca-
tion in the galactic plane. The foreground galactic hydrogen
column density1 of NH = (1.4 ± 0.1)×1022atoms/cm2 in the
direction of the burst results in an extinction ofAV = (10.5 ±
0.5) mag [AR = (7.85± 0.35)mag]. This high extinction would
have required an extraordinary intrinsically bright afterglow
(Rint < 10 mag at the time of the Wise observations) in order to
be detectable. This would be more than 5 mag brighter than the

1 http://heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3nh/

w3nh.pl
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Fig. 3. Lightcurves of all INTEGRAL instruments which have seen
GRB030320, from top to bottom: SPI-ACS overall veto count rate
with 50 ms time resolution, SPI 1 s binned and IBIS/ISGRI in a soft
(15–60 keV) and a hard (60–300 keV) energy range with 1 s bin-
ning. The bottom plot shows the evolution of photon indexΓ [ f (E) =
K · ( E

1keV
−Γ

); K = photons/(keV cm2 s) at 1 keV] for ISGRI (filled
square) and SPI (XSPEC 12.0 results, open circle). The dotted lines
mark the intervals 1–3 from Table 1.

very bright afterglow of GRB 030329 (Burenin et al. 2003) at
the same time after the burst occurrence.

3. Temporal and spectral characteristics

Figure 3 shows the lightcurve for all INTEGRAL detec-
tors which have observed GRB 030320. The lightcurves of
ISGRI have been determined in two energy bands (15–60keV
and 60–300keV) by using only the pixels that were illuminated
by the GRB by at least half of their surface. The determination
of a SPI lightcurve with a short time binning was only possible
by using the 1 s count rates of the 19 Ge-detectors, which are
normally used for science-housekeeping purposes. These val-
ues reflect the count rates of each detector in the broad SPI en-
ergy band from∼20 keV up to∼8 MeV. The SPI lightcurve in
Fig. 3 was generated by summing the background-subtracted
count rates. The background (∼50 counts s−1 detector−1) was
determined from the SPI data before the burst occurrence over

a duration of 40 min. The alternative method, which uses the
time-tagged photon-by-photon SPI mode, with energy infor-
mation for each photon, yielded insignificant results. With the
anti-coincidence shield (ACS) of SPI the GRB was observed as
an increase of the overall veto count rate. The effective area of
the ACS is very small for sources observed within the field of
view (von Kienlin et al. 2003a). For GRBs which occur outside
the FoV of SPI the effective area of the ACS is however large,
as it can be seen from the detection rate of∼0.8 GRBs/day
(von Kienlin et al. 2003b). All lightcurves in Fig. 3 exhibit two
prominent peaks during the∼60 s of prompt emission. A third
peak is visible in the low-energy range of ISGRI, which is less
significant at higher energies.

Spectra were extracted for characteristic intervals of the
GRB lightcurve. The GRB spectrum was in all cases well rep-
resented by a single power-law model. The photon index and
the source flux in the 20–200 keV energy range are listed for
ISGRI and SPI in Table 1. For both instruments, the response
for a source position near-to-zero coding is not yet well under-
stood. For ISGRI the closest Crab observation was used for the
calibration of the spectra. Any deficiencies of the SPI response
at 15.5◦ off-axis angle is possibly the result of a not fully-
representative mass model. Currently the off-axis effects of the
response are assessed by using Crab observations, recorded
during the payload-verification campaign, but the drawback of
this method is the lack of Crab observations at such large off-
axis angles.

The photon indices and fluxes listed in Table 1 for SPI
were obtained by binning the photon-by-photon single and
multiple events into six equally-spaced logarithmic energy bins
in the 20 keV to 2 MeV range, for each of the listed time
intervals. Spectral extraction was performed using SPIROS
(SPI Iterative Removal of Sources; Skinner & Connell 2003),
which takes the SPI photopeak effective area into account.
Spectral model fitting was performed using XSPEC 11.2 and
the off-diagonal response of SPI (SPI-RMF), as shown in
the line SPIoffd.

11.2 of Table 1. For the background, all event
data of the corresponding science window, with a duration of
about 30 min, were used, but with the time of the GRB cut out
(UTC 10:11:40–10:14:00). Table 1 lists the obtained photon
indices and fluxes, when using XSPEC 11.2 only with a diag-
onal response (line SPIdiag.

11.2 ) too. Naturally one obtains a softer
spectral shape with this method.

For comparison, the data were analysed using an alpha-
test version of the XSPEC 12.0 software. This approach is
distinct from the SPIROS method, in that the full diagonal
plus off-diagonal response matrix is computed for each detec-
tor (and for each pointing direction, although here the GRB is
contained within a single pointing) (Sturner et al. 2003; also
Shrader et al. 2000). The detector-count spectra are then com-
pared directly to the convolution of a photon model with, in this
case, 19 response matrices, and aχ2 minimisation is performed.
This is, in principle, a more rigorous deconvolution procedure
than the SPIROS method. However, the disadvantage is that
the source and background must be simultaneously modelled
whereas SPIROS reduces the problem to a single background
subtracted spectrum and response matrix. A set of ancillary
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Table 1. Photon indices and fluxes obtained by IBIS/ISGRI and SPI (by three different methods, see text) in 6 time intervals of the GRB.
The quoted uncertainties are given for a 90% confidence range. For line SPI12.0 it was only possible to quote the 90% confidence range
approximately, because the calculation of uncertainty contours is not yet implemented in XSPEC 12.0.

Interval # 1 2 3 4 5 6

Position before 1st peak 1st peak 2nd peak max 1st peak #1+ #2 full GRB

UTC 10 : : 11:49–11:57 11:57–12:06 12:31–12:37 12:00–12:02 11:49–12:06 11:49–12:37

ISGRI 1.32 0.15
−0.17 1.56 0.08

−0.07 1.89 0.09
−0.09 1.62 0.08

−0.09 1.52 0.08
−0.08 1.69 0.07

−0.08

SPI12.0 1.87± 0.31 1.66± 0.16 1.60± 0.26 1.01± 0.31 1.54± 0.15 1.51± 0.16
PhoIndex

SPIoffd.
11.2 1.68 0.67

−0.67 0.94 0.45
−0.87 1.29 0.45

−0.64 − 1.28 0.35
−0.48 1.19 0.29

−0.37

SPIdiag.
11.2 1.97 0.71

−0.47 1.40 0.25
−0.28 1.56 0.36

−0.38 1.03 0.43
−0.50 1.54 0.24

−0.25 1.57 0.20
−0.20

20−200 keV ISGRI 1.449 3.841 3.685 5.689 2.773 2.068

Flux SPI12.0 3.08 4.35 3.53 3.14 3.24 2.11

SPIoffd.
11.2 3.62 2.05 3.56 − 2.78 1.65[

ph
cm2s

]
SPIdiag.

11.2 4.40 4.45 4.95 4.13 4.11 2.82

response functions (ARFs), containing the energy, detector and
angle-dependent effective area, were constructed for the GRB
position and the burst spectrum was modelled in XSPEC 12.0
by fixing the background (derived by using the non-burst part
of the observation). The obtained photon indices and fluxes are
listed in the line SPI12.0 of Table 1.

ISGRI single events have been used to derive photon in-
dices and fluxes shown in the line “ISGRI” of Table 1. Thanks
to the coded-mask design of the IBIS telescope, the source flux
can be determined simultaneously with the background using
the Pixel Illumination Function (PIF; Skinner 1995). The spec-
tra have been extracted in 128 linearly-spaced energy bins be-
tween 19 keV and 1 MeV and were rebinned to have a signal-
to-noise ratio larger than 3 in each channel. The photon spectra
have then been obtained with the technique described above.
In addition to the time intervals shown in Table 1 it was possi-
ble to obtain for ISGRI values of the photon index for the time
intervals listed below:

Position: Interval (UTC) PhoIndex
decay of the 1st peak: 10:12:06–10:12:16 1.8590.10

−0.10

small peak in between: 10:12:16–10:12:26 2.3290.18
−0.23

rising of the 2nd peak: 10:12:26–10:12:31 1.9550.28
−0.25

decay of the 2nd peak: 10:12:37–10:12:52 1.8490.22
−0.22

With these ISGRI data it was possible to track the spectral
evolution over the whole emission period, showing a general
hard-to-soft evolution for the first peak up to the small peak
between the two main peaks (Fig. 3 lower panel). During the
second peak the spectrum hardens again (yet being softer com-
pared to the first peak), but showing no evolution. The obtained
ISGRI fluxes are reasonably correlated with the light curve.

The photon indices obtained with XSPEC 12.0 for SPI
agree within the errors with the results obtained with ISGRI
for interval 2, 3, 5 and 6, but reveals no spectral evolution.
In contrast to the time between interval 2 and 3 (between to
two main peaks) and after the last interval 3 (decay of the 2nd
peak), it was possible to extract for SPI a spectrum for inter-
val 1, although SPI’s lightcurve did not show a rate increase.

As expected the obtained photon index and flux do not agree
well with the ISGRI values. A large discrepancy is observed
for interval 4 (maximum of the 1st peak). SPI shows here a
rather hard spectrum whereas for ISGRI the spectrum is even
softer compared to interval 5. The SPI results have to be han-
dled with care because for such a short 2 s interval, containing
only a small number of counts in each energy bin, the determi-
nation of a spectrum is more difficult.

Comparing the results obtained with the three different
methods used for the SPI data analysis, one can see that
the XSPEC 12.0 derived photon indices yield the best agree-
ment with the ISGRI data, although the same is valid for
the SPIROS+XSPEC 11.2 results, using a diagonal response
(line SPIdiag.

11.2 of Table 1), but these have a much broader con-
fidence range. Second it should be noted that XSPEC 12.0 is
using an off-diagonal response, which should represent the in-
strument much better.

The burst had a 20–200keV peak flux (over 2 s) of
4.1 1.3
−1.4 × 10−7 erg cm−2 s−1 and 5.4 × 10−7 erg cm−2 s−1 and

a 25–100keV peak flux of 1.7 0.9
−0.7 × 10−7 erg cm−2 s−1 and

3.0×10−7 erg cm−2 s−1 measured with SPI and IBIS/ISGRI, re-
spectively. These peak fluxes would place GRB 030320 in the
top 25% of the BATSE peak flux distribution (Paciesas et al.
1999).

The gamma-ray fluence in the 20–200 keV band measured
with SPI is 1.35 0.21

−0.26 × 10−5 erg cm−2, consistent with 1.1×
10−5 erg cm−2 from IBIS/ISGRI. The 25–100keV fluence was
7.1 1.6
−1.8 ×10−6 erg cm−2 (SPI) and 6.5×10−6 erg cm−2 (ISGRI).

Peak flux and fluence agree within a factor of two with the
results obtained with Ulysses (Hurley et al. 2003b).

4. Conclusion

The analysis of GRB 030320 showed that INTEGRAL is still
able to detect GRBs at the edge of its FoV. For this GRB a
photon index ofΓ ' 1.7 was derived for the prompt emission.
The time resolved spectroscopy revealed a hard-to-soft transi-
tion of the spectrum during the 60 burst duration. Especially
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IBIS/ISGRI showed a good performance in localisation and in
the determination of the spectral evolution. The difficulties ob-
served with SPI will hopefully improve with a better under-
standing of the response at the edge of the FoV.
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